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I'.)':\c.; t}-I \l~ e paddlefish (Polyodon spathula) is an evolutionarily ancient, long-lived, highly
ji lltQ.-migratory, cartilaginous fish native to the Missouri, Mississippi and several Gulf Coast drainages
''.> \..O)tr (Gengerke, 1986; Russell, 1986). Paddlefish populations have declined along with a
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concomitant reduction in their range partly due to impoundments, channel alterations and
overharvesting. To address some of the pr
hat arise when restoration of a species such as
paddlefish is undertaken, genetic analysi becomes necessary To ensure that stocking programs
are maximized, inbred and conversely, genetically unique fish populations must be identified.
Previous genetic analysis was either biochemically performed or at the DNA-level. Livers were
removed to isolate mitochondrial DNA which meant the sacrifice of the individual(s). ~ I) t'c.o..""U.
rapid advances in molecular biological techniques, non-invasive genetic analysis can now be
obtained. This study demonstrates a method to analyze at the DNA level without the need to <E
sacrifice the individual. By selectively targeting the genetic site of interest and using a technique
known as PCR (polymerase chain reaction), millions of copies of a DNA fragment can be
produced and then tested for variations between 2 or more individuals by restriction fragment
length polymorphism (RFLP). TlHs ttllO'vvcd as te> Mae al'l'lall fiR elifJs to cvalttatc the genetic
. stmctme of a paddlefish population.
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obtained Iif>.eIi.p tissue samples
paddlefish that were collected in the
GavinQ!)ailwater of the Missouri River. The tissue samples were placed in 1.5 ml
micro centrifuge tubes and stored in liquid nitrogen for transport to the laboratory.
For this analysis, we examined the non-coding region found in mitochondrial DNA
(mtDNA) known as the D-Ioop. This maternally inherited region is known to mutate 5-10 times
faster than nuclear DNA and is suitable for phylogenetic analysis of closely related or recently
diverged species.

DNA Extractions
Total DNA (nuclear and mitochondrial) was extracted from fin clips using a modification
of the proteinase K-phenoll chloroform method outlined in Ausubel, et aI., 1994. After the DNA
was extracted, the resultant DNA pellet was resuspended in TE (10 mM Tris, 1 mM EDTA, pH
7.4) and stored at -30°C until needed for PCR.

Amplification, Restriction Enzyme Digestion, and Visualization o/the PCR-RFLP's
The mitochondrial D-Ioop was amplified using primers designed by Bernatchez et aI.,
1992 for a study of Salrno trutta and used for sturgeon as reported by Ferguson et aI., 1993 are as
follows: Phenyl-tRNA-1 (5'-GTGTTATGCTTTAGTTAAGC-3') and Proline-tRNA-2
(5'-ACCCTTAACTCCCAAAGC-3'). Amplification reactions were set up using 5 ul 10 x
reaction buffer, 4 ul dNTP's, 0.5 ul of each primer, 1.0 ul ofBSA (10 mg/ml), 8 ul of MgCl2 (10
mM), 28.5 ul of ddH20, 0.5 ul Taq polymerase. Amplifications were performed in a Perkin
Elmer 480 thermo cycler using 30 cycles of 94°C for 40 seconds, 55°C for 25 seconds and 72°C

of

for 120 seconds. Samples were denatured for 4 minutes at 95°C prior to amplification. After
completion of PCR, all reactions were examined for quantity and size of amp Ii con by removing
116th of the reaction mixture and running it on a 0.8% agarose gel at 125 volts for 45 minutes
with subsequent EtBr staining to visualize the DNA fragments. Negative controls (no DNA)
were performed with each amplification to test for possible contamination. At no time did a
negative control yield any detectable amplicon. All samples visualized by agarose gel
electrophoresis demonstrated the sample size (~900 base pair) amplicons. After testing for
correct amplification products, the rest of the reaction mixtures were subjected to restriction
digestion using the following restriction enzymes: NlallI, RsaI, TaqocI, AluI and Tsp509I. The
following restriction enzymes were found to not cut the amplicon or were non-informative (ie.,
monomorphic): HinPI, Hpall, Sau3AI and MseI. The restriction digests were performed per
manufacturers protocol (New England BioLabs) and incubated between 4 to 16 hours.
Following completion of the restriction digestion, the fragmented DNA was separated by
polyacrylamide gel electrophoresis using a 6% polyacrylamide gel in a Hoefer gel
electrophoresis apparatus. The gel was ran at 200 volts, for 6.0 hours. Following gel
electrophoresis, the DNA fragments were visualized by silver staining using a modification of
the protocol by Tegelstrom, 1994. Briefly, the gel was soaked in ddH 20 for 20 minutes, then
incubated in a silver nitrate solution (0.2 g silver nitrate in 125 ml of ddH 20 to which 500 ul of 1
M NaOH and 500 ul ofNH40H was added). After the silver nitrate incubation, the solution was
removed, the gel briefly rinsed in ddH 20 for 10 seconds and a sodium carbonate solution (4 g of
sodium carbonate in 200 ml ddH 20 which 125 ul of formaldehyde was added). The gel was
incubated in the sodium carbonate solution until the DNA bands were visualized (5-10 minutes).
The reaction was stopped by removing the solution and soaking in ddH20 for at least 10 minutes.
Gels were placed onto 3MM Whatman paper and vacuum dried using a Labconco Model 4330100 gel dryer. DNA fragments were sized by use of a DNAStar digitizer and software.
Results

The haplotypes generated were assigned a letter based on the RFLP patterns generated,
the most common RFLP pattern was given the letter "A", the next most common pattern "B",
etc. The data and resultant haplotype frequencies are as follows:
Haplotype
AAAAA
AAAAB
AAAAC
AAAAD
BBBBB
BABBB
BAABA
BAABC
BBBBA
BAAAD
CAAAE
BAAAA

6/23
3/23
1123
1123
4/23
1/23
2/23
1/23
1/23
1/23
1/23
1/23

Frequency
0.2609
0.1304
0.0435
0.0435
0.1739
0.0435
0.0870
0.0435
0.0435
0.0435
0.0435
0.0435

A haplotype diveristy was derived using the following formula: h = n(1-r})n-1 (Nei and Tajima,
1981). The diversity index was used to evaluate intrapopulational mtDNA lineages based on the
haplotype frequencies found in the population.
Haplotype
Frequency
CAAA
1123 0.0435
AAAA
1123 0.4783
BAAA
2/23 0.0870
BAAB
3/23 0.1304
BABB
1123 0.0435
BBBB
5/23 0.2174
Diversity Index = 0.7271
Haplotype
Frequency
AAAAA
6123 0.2609
AAAAB
3/23 0.1304
AAAAC
1/23 0.0435
AAAAD
1123 0.0435
BBBBB
4/23 0.1739
BABBB
1123 0.0435
Diversity Index = 0.9011

Haplotype
A
B
C
D
E

Frequency
10/23 0.4348
8/23 0.3478
2/23 0.0870
2/23 0.0870
1/23 0.0435

Diversity Index = 0.7035
Haplotype
BAABA
BAABC
BBBBA
BAAAD
CAAAE
BAAAA

2/23
1123
1123
1123
1123
1123

Frequency
0.0870
0.0435
0.0435
0.0435
0.0435
0.0435

When the first four restriction enzymes are used as an individual haplotype, the diversity index is
0.7271. Using the fifth restriction enzyme as its own haplotype, the diversity index is 0.7035.
Combining the five restriction enzymes resulted in a diversity index of 0.9011.
Discussion
Previous genetic research on paddlefish has met with limited success. Protein
electrophoresis has demonstrated limited variability (Carlson, et aI., 1982; Epifanio, et aI., 1989).
Genetic analysis using total mitochondrial DNA RFLPs (Epifanio et aI., 1989) demonstrated 6
haplotypes (or clones as they were referred to) throughout the paddlefish's native range. This
research utilized a battery of six-base restriction endonucleases which limited the resolving
power. Due to the development of PCR, it is no longer necessary to perform genetic analysis by
isolating intact mitochondrial DNA. Specific DNA fragments can be selectively amplified and
fragmented by four-base restriction endonucleases, thereby increasing the resolving power of
genetic analysis. Furthermore, the organism being analyzed need not be sacrificed as only a
small fin clip is necessary to acquire sufficient DNA.
To test whether increased resolution can be obtained through PCR-RFLP's, twenty-three
samples were collected in the Gavins Pt. tailwater of the Missouri River. Polymerase chain
reaction-restriction fragment length polymorphism targeting the D-Ioop found in mitochondrial
DNA demonstrated 12 separate haplotypes. The restriction endonuclease Tsp509 I produced
highly polymorphic profiles. Five unique variations were observed. When a diversity index was
calculated for the population using only the Tsp509 I profiles, it compared favorably with the

diversity index of the variations observed from the first four restriction endonucleases (0.7035
vs. 0.7271, respectively). Both of these diversities are similar to known natural fish population
diversities (Gyllensten and Wilson, 1987) of 0.72. But, if the profiles from all five digests were
used, a rather large 0.9011 diversity index was calculated.
The large diversity index is likely an inflated value due to the fifth restriction site which
may be lying in a hypervariable region of the D-Ioop. Similar highly polymorphic sites, near the
tRNAPhe end of the control region, have been described in white sturgeon and humans (Brown et
aI., 1993). Therefore, the more probable diversity value lies somewhere between 0.70 and 0.72,
which reflects a healthy natural population.
This study has demonstrated the ability to use PCR-RFLP's to genetically analyze a
population without the need to sacrifice the study source which is very useful when working with
threatened and endangered species. Our research has revealed a significant variability in one
paddlefish population. It is
ossible to continue the work necessary to characterize the
~
paddlefish range easier, quicker and with more resolving power than previous y used. In
6 V;,," ~
conjunction with the contmuatIOn of analyzing other populations using PCR-RFLP's directed
2;1..1
towards the mitochondrial DNA control region, other sites such as the major histocompatibility
complex (MHC) could be examined. This would allow for both the mitochondrial and nuclear
DNA to be tested for genetic variability, thereby enhancing the understanding of the genetic
makeup of paddlefish.
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